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November 2010 42 43 44 1 ABSTRACT 2 Carpools can be comprised of family members (fampools), non-family members (non-fampools) 3 or a combination of both. By analyzing the characteristics of fampools and non-fampools, we can 4 better understand both groups and how policies may impact each group differently. One area of 5 particular interest is the impact of managed lanes on the mode choice of fampools and non-6 fampools. Many managed lanes offer travelers a choice to use the lanes toll-free as a carpool or 7 use the lanes as a single occupant vehicle for a toll. This may influence some carpools to break 8 up, with one hypothesis being fampools would be more likely to stay together. 9 10 This research found that the majority of fampools and non-fampools are interested in using 11 managed lanes. The analysis of survey data proved that there are many similarities between the 12 fampools and non-fampools but very few differences. Fampools carpooled on a smaller 13 percentage of their weekly trips than non-fampools did. Fampools more often formed carpools 14 for dropping off kids at school or day care, non-fampools formed carpools more often for sharing 15 the vehicle expenses.
The simulation study performed to analyze the impact of different travel 16 scenarios available on managed lanes on the mode choice of carpoolers showed that a very small 17 percentage of fampools and non-fampools chose to travel as a single occupant in managed lanes. 18 Both fampools and non-fampools were insensitive towards the toll cost. (Pisarski (2006) ). The recent census data shows that the overall 5 carpooling mode share decreased to 11 percent in 2006 (Liberles (2009) ). Carpoolers are 6 comprised of two very different groups of travelers: fampools and non-fampools. Additionally, 7 the majority of carpools these days are fampools (Pisarski (1996) (Pisarski (1996) ). 16 17
With the decreased carpool mode share and increased interest in using high occupancy/toll 18 (HOT 1 ) lanes by transportation authorities in the United States, it became crucial to examine the 19 role of HOT lanes in encouraging or discouraging carpools (Parkany (1998) ). Most research has 20 focused on how carpooling mode share changes with time, fuel costs, and socio-economic 21 characteristics like income, economic growth, availability of jobs, etc. A great deal of the 22 research done on carpool mode share has used the National Household Travel Survey (NHTS) 23 dataset which is limited to socio-economic and demographic variables (Pisarski (1996) HOV2 carpools are allowed to travel during peak periods for a toll of $2 while SOV's are never 10 allowed to travel on the two HOT corridors. This research found in almost 60 percent of 11 carpools, the passengers were family members. QuickRide trips were more likely to be school 12 trips (11%), and in 76% of these trips, travelers were traveling with a child. 13
The issues related to carpooling were explored directly by examining reasons behind 14 people's travel mode choice decision through a survey of travelers in Dallas-Fort Worth and 15
Houston, the two largest metropolitan areas in Texas (Li et al. (2007) ). In the survey, 16 respondents rated different reasons for carpooling. Fampools rated "dropping off kids at school 17 or day care" and "enjoying travel with others" higher than other reasons. While, non-fampools 18 rated other factors including travel time and cost related factors higher on average. Comparing 19 the two groups, non-fampools rated factors including "access to HOV lanes", "travel time 20
savings", "sharing vehicle expenses", "reliability of arrival time", "splitting tolls on toll roads", 21 "encouraged by program at work" and "preferred parking at work" significantly higher than 22 fampools. It also found that 75 percent of carpools were fampools. Unfortunately, the 4620 total respondents still did not reflect the ethnic and economic makeup of 7 the two cities, so a weighting process was undertaken. 8
The data was weighted to better represent the demographic features of the population. The 9 sampling weights (fixed) were developed using the income (four groups), ethnicity (four groups), 10 and toll-road usage (two groups). Due to the data collection process used for this survey, the 11 sampling design was not simple random sampling (SRS). In this scenario, the use of fixed 12 weights based on the assumption of SRS would imply lower standard error (SE). Thus, using 13 fixed weights may lead to some results from non-SRS surveys being found statistically 14 significant when in fact they are not. For this purpose, carpoolers were divided into fampool and non-fampool groups. Fampools 34 included all carpools that had only family members -regardless of age. This is consistent with 35 HOV lane policy that considers all people, even those too young to drive, as members of the 36 carpool. Similarly, non-fampools were comprised of any set of multiple people in the same 37 vehicle who were not related, again regardless of age. 38
There were a few respondents who had both family members and non-family members in the 39 vehicle, termed mixed carpools. Due to the small sample size of mixed carpools, it was not 40 possible to keep the mixed carpools as an independent group for the descriptive statistics 41
analysis. The mixed carpools were further investigated to decide whether to merge them with the 42 group of fampools or non-fampools. The comparison of the mode choice of all three groups 43 revealed that mixed carpools showed different tendencies than did fampool and non-fampool 44 groups. Hence mixed carpools were excluded from all data analysis in this paper. The detailed 45 descriptive statistics were generated for the commute characteristics, interest in managed lanes, 1 and socio-economic characteristics for fampools and non-fampools (Table 2) . 2
There were very few significant differences found between the two groups. Fampools 3 carpooled a on a smaller percentage of their weekly trips than non-fampools. Approximately 45 4 percent of fampools continued to their final destination after dropping off their passenger in 5 comparison to 23 percent of non-fampools. This makes sense as the majority of non-fampools 6 had the same destination. These were the only significant differences (p=0.10) between the two 7 groups. Many interesting similarities were found with fampools and non-fampools. Both 8 fampools and non-fampools were most likely to be on a commute trip. The amount of carpooling 9 increased for both fampools and non-fampools with increased travel distance. Fampools had an 10 average carpool formation time of 6.4 minutes in comparison to 6.2 minutes for non-fampools. 11
Overall, fampools and non-fampools had very similar characteristics. 12
In addition to examining the similarities and differences between the characteristics of 13 fampools and non-fampools, their reaction toward the use of managed lanes was analyzed. After 14 a brief description of MLs, survey respondents were asked if they would be interested in using 15
MLs. The majority of respondents in both groups indicated an interest in using managed lanes. 16
To explore further, many different factors for the interest or disinterest in using managed lanes 17
were also examined. The respondents ranked different factors on a scale from 1 to 5, with rank 1 18 as the least important and 5 as the most important. Both fampools and non-fampools stated 19 "travel time reliability" as the most important factor for their interest in using managed lanes. 20 "Able to travel faster than GPL" was the second most important reason for travelers from both 21 groups. When asked about the reason for their disinterest in using managed lanes, fampools rated 22 "other" the highest, followed by "not interested in paying a toll". Because "other" was so 23 important, the text that respondents entered corresponding to "other" was examined. The vast 24 majority of the typed notes were anti-toll. Non-fampools were not interested in using managed 25 lanes because of the toll and also because they were not interested in driving alone. Note that 26 despite these small differences in rankings, the difference was not statistically significant and 27 there were no significant differences between the two groups found regarding their interest or 28 disinterest in using MLs. 29
The important reasons for the formation of the respondent's current carpool were also 30 examined to find any differences between fampools and non-fampools. Fampools stated 31 "dropping off kids at school or day care" was more important to them than non-fampools. Non-32 fampools rated "sharing vehicle expenses" higher than fampools. These differences were 33 significant at a 5 percent level of confidence. Overall, fampools rated "relaxation while 34
traveling" as the most important while "Preferred parking at work" and "encouraged by program 35 at work" were the least important factors in the formation of their current carpool. Non-fampools 36 indicated "access to HOV lanes" was the most important reason while "dropping off kids at 37 school or day care" was the least important reason in the formation of their current carpool (see 38  Table 3 ). 39
For further analysis, fampools were split into two sub-groups: with children and adults only. 40
The three groups were examined to see if fampools with a child(ren) were different than 41 fampools of adults-only or non-fampools and if fampools of adults-only were most similar to 42 non-fampools. It was found that non-fampools carpooled more regularly in a week in comparison 43 to the two fampool groups. Within fampool subgroups, fampools of adults-only carpooled more 44 often than fampools with a child(ren). The difference was significant at a 5 percent level of 45 confidence. When comparing their average carpool formation times, fampools with a child(ren) 46 reported the highest time of 9.1 minutes in comparison to the 5.3 minutes for fampools with 1 adults-only and 6.2 minutes for non-fampools. However, this difference was not significant and 2 there were few other differences found. 3
The data were analyzed further to examine the characteristics of travelers from these three 4 groups by dividing them into sub-groups based on their current number of passengers. However, 5 none of the differences between the groups were found to be significant. This was partially due 6 to the similarities between the groups and partially due to lower sample sizes (and higher 7 standard error). 8
The descriptive statistics analysis proved that there were many similarities between the 9 fampools and non-fampools but very few differences. Mode Choice Model for Fampools 43
As described above, a random parameter logit model was estimated to better understand the 44 factors influencing the mode choice of fampools. Various utility equations with different 45 variables were tested. The utility functions given in Table 4 were found to have best fit and 46 explanatory ability. All the variables were significant at a 5 percent confidence level. Driving 1 alone on the GPLs was the base mode. 2
The utility equations for the mode chosen by fampools revealed relatively few surprises. To 3 begin, the only positive alternative specific coefficient (ASC) was for HOV2 on the GPLs. Exact 4 interpretation of the coefficient was difficult since we could not be sure if the result was more 5 due to the fact that it was a fampool or the mode chosen. For example, fampools on a commute 6 trip were less likely to choose HOV2 on MLs. It was hard to be sure if that was because 7 fampools were not on commute trips or if they avoided HOV2 on MLs. In any case, the results 8 appeared reasonable and will be compared to the non-fampool results for additional clarity. The 9 overall model provided an acceptable adjusted rho square value of 0.24. The estimated VTTS 10 was $ 22.80 per hour for the fampools. 11 12
Mode Choice Model for Non-fampools 13
Similar to the development of the fampool mode choice model, a random parameter logit model 14 was developed for non-fampools. All the variables used in the non-fampool model were 15 significant at a 5 percent confidence level ( shown tolls up to $15. 22
As time was not a significant variable, according to the mode choice model in Table 5, The time required to pick up and drop off the passenger was calculated from the reported 4 carpool formation time by the respondents in the survey. HOV2s reported an average carpool 5 formation time of 5.0 minutes and HOV3+s reported an average carpool formation time of 9.8 6 minutes. This time was added to the actual travel time to get the total travel time for the 7 simulation runs. 8
To analyze the mode switching behavior of fampols and non-fampools, three different 9 scenarios were simulated. In many ML situations higher occupancy vehicles receive some price 10 discount or free travel -so these scenarios include such price discount. In the first scenario, the 11 SOV toll was varied from the $0.50 to $5.00, the HOV2 toll was kept at half of the SOV toll, and 12 HOV3+ were allowed to travel for free. As the toll increased from $0.50 to $5.00 for SOVs (and 13 to $2.50 for HOV2s), the decrease in SOVs and HOV2s on MLs was compensated by an 14 increase in all GPL modes (Figure 2, 3 ). To summarize, with the increased toll, the majority of 15 travelers who switched chose SOV or HOV2 mode on GPLs. The percentage switching to 16
HOV2s on GPLs was slightly higher for fampools. While for non-fampools, SOVs on GPLs 17 observed the highest percentage switch. Overall, the carpool mode share decreased for both 18 fampools and non-fampools by 1.2 percent and 1.5 percent respectively. 19
In the second scenario the removal of the toll discount for HOV2s on managed lanes was 20 investigated. The SOV toll on the managed lanes was kept constant at $5 but the HOV2 toll on 21 the managed lanes varied from $0.00 to 4.50. HOV3+s were still allowed to use the managed 22 lanes for free. For both fampools and non-fampools, as the toll increased, a very sharp decrease 23 was observed for HOV2s on MLs (Figure 4 , 5). The majority of travelers, who switched, chose 24 SOV and HOV2 modes on GPLs. For fampools, the highest percentage increase was observed in 25 HOV2 mode travelers on GPLs while the highest percentage of non-fampools switched to SOV 26 mode on GPLs. With the increased toll, there was a similar decrease observed in the overall 27 carpool mode share for both fampools and non-fampools of 3.5 percent and 3.3 percent 28 respectively. 29
Third scenario examined the removal of free travel for HOV3+s on managed lanes. The 30 HOV3 toll varied from $0.50 to $2.50 but the SOV toll was constant at $5 and the HOV2 toll 31 was also kept constant at $2.50. For both fampools and non-fampools, as the toll increased, the 32 decrease in HOV3 travelers on the MLs was compensated by the increase in all other modes 33 (Figure 6, 7) . There was an overall decrease observed in the total number of HOVs of 0.9 percent 34 for the fampools and 1.3 percent for the non-fampools. 35 From the simulations, it was observed that both fampools and non-fampools switched their 36 modes to GPLs in response to the increased toll on the MLs. To examine the extent of this mode 37 switching, the elasticities were calculated. Elasticities were calculated for scenario 1 to test the 38 reasonableness of fampools and non-fampools switching to the SOV and HOV2 modes on ML 39 for every $0.50 increase in the toll value. For fampools, SOV elasticity varied between -0.04 and 40 -0.38 and for HOV2s elasticity varied between -0.01 and -0.13. For non-fampools, SOVs 41 elasticity varied between -0.00 and -0.35, and the HOV2s elasticity varied between -0.01 and -42 0.11. According to the literature these values seemed reasonable and demand elasticity was fairly 43 inelastic (Matas and Raymond, 2003) .
45 46
Comparison between Fampools and Non-fampools 1 Both fampools and non-fampools were not very sensitive towards the cost of the toll. For both 2 fampools and non-fampools, as the toll increased, the decrease in the number of travelers on the 3
MLs was compensated by an increase of travelers in the GPLs. The majority of travelers 4 switched to SOV and HOV2 modes on the GPLs. The percentage of fampool and non-fampool 5 travelers switching to SOV and HOV2 modes on GPLs were too close to reach any concrete 6 conclusion regarding their mode switching behavior although fampools remained HOVs slightly 7 more often. 8
The results from the mode choice analysis agreed with the findings from the descriptive data 9
analysis. For fampools, the percentage of travelers who switched to HOV2 on GPLs was slightly 10 higher. These results confirmed the finding that "dropping off kids at school or day care" was 11 more important reason for fampools than non-fampools for the formation of their current 12 carpool, hence were more likely to stay with their current carpool. For non-fampools, the 13 percentage of travelers switching to SOV mode on GPLs was slightly higher. The descriptive 14 statistics analysis found that "sharing vehicle expenses" was more important to non-fampools 15 than fampools for the formation of their current carpools. This could be one reason for non-16 fampools switching to SOVs on GPL. However, this percentage shift was too small to validate it 17 as a conclusion. Overall, in the mode choice analysis, there were no contrasting differences 18 observed between fampools and non-fampools.
To better understand the mode choice of fampools and non-fampools, this research examined 22 survey data collected from travelers in Houston and Dallas, Texas. The majority of both 23 fampools and non-fampools were interested in using managed lanes. There were very few 24 significant differences found in the commute characteristics of fampools as compared to non-25 fampools. Fampools carpooled a smaller percentage of their weekly trips than non-fampools. 26
Fampools indicated that dropping off kids at school or day care was the most important reason 27 for their current carpool formation in comparison to the non-fampools. Sharing vehicle expenses 28 was more important to the non-fampools than the fampools. This was one of the few clues 29 behind any possible differences in how the two groups may change mode in response to MLs. 30
There were almost no significant differences found in the socio-economic characteristics and 31 reasons for interest or disinterest in using managed lanes of fampools and non-fampools. 32
To further investigate how these travelers may react to MLs, mode choice models were 33 developed for the fampool and non-fampool carpool groups. The value of travel time for the 34 fampools was estimated to be $ 22.80 per hour. Non-fampools were not sensitive to travel time.
35
Next a simulation study was done using these models to estimate the percentage of fampools and 36 non-fampools that would likely use managed lanes under different travel scenarios. A very small 37 percentage of fampools and non-fampools chose SOV mode on ML. Both fampools and non-38 fampools were insensitive to the tolls. With an increased toll, some travelers from both groups 39 switched to SOV and HOV2 modes on GPLs. However, this shift was very small and so similar 40 that nothing concrete could be concluded about differences in the mode switching behavior of 41 fampools versus non-fampools based on these findings. This also indicates that factors other than 42 price are influencing their choice to carpool -and the most important reasons for carpooling are 43 found in Table 3.  44 Although the survey sample size was large, the number of travelers in some categories, for 45 example HOV3+ non-fampool, was small. A considerable variation in the characteristics of the 46 travelers sometimes resulted in large standard deviations for the descriptive statistics of the 1 groups. This, combined with the fact that respondent answers from fampools and non-fampools 2 were similar meant little difference between the two groups. 3 4 ACKNOWLEDGEMENTS 5
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